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THE BASAL KATABOLISM OF CATTLE AND OTHER SPECIES 


By Henry PRENTISS Armssy, J. AuGUsT FRIES AND WINFRED WAITE 
BRAMAN 


INSTITUTE OF ANIMAL NuTRITION, THE PENNSYLVANIA STATE COLLEGE 
Communicated by R. Pearl, December 13, 1917 


The basal katabolism of herbivora and especially of ruminants, unlike that 
of man or carnivora, cannot well be measured in the fasting state on account 
of the relatively large amount of feed always present in the alimentary canal 
of the former species. It may, however, be determined indirectly in the 
manner described by the authors!** by measuring the total metabolism 
upon two different amounts of the same ration and from these data computing 
the level to which the metabolism would be reduced were all feed withdrawn. 
For example, a steer receiving two different amounts of the same mixed ration 
gave the following results: 














DRY MATTER EATEN DAILY HEAT 

DAILY PRODUCTION 
kgms. calories 
WOME 2S BO GR 9.146 16,511 
i Ge SRR merge oN eR seed wraurgs Guerteee he am * 4,463 10,905 
DORON Sco es sh ee a ee 4.683 5,606 
Heat increment per kilogram of dry matter.......... 1,197 











Evidently, out of the total metabolism of 10905 Calories in Period 1, 1197 
X 4.463 = 5342 Calories may be regarded as the heat production caused by 
the 4.463 kgm. of dry matter eaten while the remainder, 5563 Calories is the 
basal katabolism. 

Our investigations upon the metabolism of cattle, which have been published 
elsewhere® afford data for computing in the manner just illustrated the basal 
katabolism of ten unfattened steers in twenty-seven experiments. In view of 
the very striking effect of standing in increasing the metabolism of cattle the 
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basal katabolism per 24 hours has been computed separately from the observed 
rate of heat production during the intervals of lying and standing, respectively, 
and also for 12 hours standing and 12 hours lying per day, assumed as repre- 
senting average conditions. 

As was to be expected,-the basal katabolism increased with the size of the 
animal but with very considerable fluctuations. The graphs of the results 
indicate an equally close relation of the basal katabolism with the weight and 
with the two-thirds power of the weight (computed body surface) and this 
conclusion is confirmed by a comparison of the coefficients of correlation as 


follows: 
Coefficients of correlation 





WITH 2/3 POWER OF 
WITH LIVE WEIGHT LIVE WEIGHT 





Basal katabolism, lying 24 hours..................... 0.8655 + 0.0326/0.9032 + 0.0239 
Basal katabolism, standing 12 hours.................. 0.8733 = 0.0308/0.8710 + 0.0313 
Basal katabolism, standing 24 hours.................. 0.8548 + 0.0350)0.8250 + 0.0415 











Computing the basal katabolism per square meter of body surface as esti- 
mated by Moulton’s formulae‘ viz., 
For unfattened animals S = 0.1186 W** 
For fattened animals S = 0.158 W'” 


' the following results were obtained. 


Basal katabolism of cattle per sqhare meter of body surface 














LYING 24 HOURS |STANDING 12 HOURS|STANDING 24 HOURS 
IIR oe es ues 964.0 1173.0 1365.0 
Probable error of mean, Calories......... + 24.0 + 21.4 + 25.7 
Probable error of single result; Calories. . .| 124.8 +110.9 +133.6 
Standard deviation, Calories............ 185.1 = 17.0) 164.5 15.1) 198.0 + 18.2 
Coefficient of variability................ 0.1920 0.1462 0.1451 








A positive correlation of the basal katabolism per square meter body sur- 
face with the live weight was also found as follows: 
Coefficients of correlation with live weight 


Basal katabolism per square meter 
0.5375 += 0.0923 


NN in iin ny seek See hm nies Grek hd aii Gul pee 
ESERIES CAEL POOLE EI AO DS PS EO 0.3666 = 0.1124 
I 05556 sh oa b's Sopa hana se ove mens cannwe 0.2405 = 0.1223 


The results show the marked influence of standing upon the metabolism of 
cattle, the mean 24 hour basal katabolism lying, standing 12 hours and stand- 
ing 24 hours being in the proportion of 100: 121: 141, the differences largely 

» exceeding the probable errors. Computing, from the results per square 
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meter of surface, the basal katabolism for 12 hours standing and 12 hours 
lying gives as the maintenance requirement for a 1000-pound steer 5918 + 560 
Calories. 

The results for the basal katabolism of man reported by Benedict, Emmes, 
Roth and Smith,’ and by Means‘ present much the same picture as ours upon 
cattle with the exception of a much lower variability. 


Coefficients of correlation 





WITH BODY WEIGHT | WITH BODY SURFACE 





Total basal katabolism 
ce, mee EAE TSR CO ESM Me ENP ETI Rary es Ry ese Y 0.7263 + 0.0320)0.7747 + 0.0272 
TS ON. 6 5 add 0 i Hain Veh eeaea eae hale ace ens 0.7759 + 0.0310|0.7447 + 0.0347 








Daily basal katabolism of men and women per square meter of surface 














MEN WOMEN 
DeCea Nico ace saul es Cases (eee AE 830.0 768.0 
Probable error of mean, Calories.................000.- + 4.3 + 4.9 
Probable error of single result, Calories................ +42.3 +42.8 
Stanaard Gevistiows COs. i . 5 oo es ks i ean le eva ve 62.7 +=3.0 63.5 +3.1 
Comiacinat aE CON. <0 s oi ee sdice te cave enna 0.0755 0.0827 





Correcting for the error shown by D. and E. F. DuBois’ to be incident to 
the use of the Meeh formula, the means for men and women are as follows: 


Corrected daily basal katabolism of men and women per square meter of body surface 








MEN WOMEN 
BO I en oS vhiec ch oe een toe eae 935.0 ‘886.0 
PRADRGIS CIDE GT BNI 8k Se ERS + 4.8 ts 5.8 
Probable error of single result... .......2.......cceeee +475 +494 





Including the data obtained by Meissl, Strohmer, and Lorenz® by Tangl?® 
and by Fingerling, Kéhler and Reinhardt" for swine and by Zuntz and Hager 
mann" for the horse, the following comparison of species may be made. 


Mean daily basal katabolism per square. meter of body surface 


BROW (COMMaeie THRICE LENO oe nice eat cbc cn eee sea haeed gine 935 = 5 
Westen (oomplete muaculay reat)... sb a ives 886 + 6 
MONE i682 SS PE ESR Eel chu Ge a ae 964 + 24 
NN ioe a een aig sh sm ectini Daan wis Woden whe SE 1078 + ? 
RIE CEOICRIRID: MARION i ve a gia eat ay 948 + ? 


Considering the nature of the results they show a rather striking degree 
of uniformity and tend to confirm the conclusions of E. Voit! that the basal 
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katabolism of different species of animals is substantially proportional to 
their body surface. It may be surmised that the exceptional result with the 
hog is due to the imperfect data available for computing the body surface 
of this species. 


1 Armsby, Washington, D. C., U. S. Dept. Agric., Bur. Anim. Indust., Bul. 142, 1912. 
? Armsby and Fries, Jbid., Bul. 128, 1911. 

3 Armsby and Fries, J. Agric. Res., Washington, 3, 1915, (435); 10, 1917, (599); 11, 1917. 
4 Moulton, J. Biol. Chem., New York, 24, 1916, (299). 

5 Benedict, Emmes, Roth and Smith, Jbid., 18, 1914, (139). 

6 Means, Ibid., 21, 1915, (263). 

7 DuBois and DuBois, Arch. Inter. Wed., 15, 1915, (868). 

8 Meissl, Strohmer and Lorenz, Zs. Biol., Miinchen 22, 1886, (63). 

® Tangl, Biochem. Zs., 44, 1912, (252). 

10 Fingerling, Kohler and Reinhardt, Landw. Versuchstat, Berlin, 84, 1914, (149). 

1 Zuntz and Hageman, Landw. Jahrb., Berlin, 27, 1898, Ergzbd. III, (284). 

2 Voit, E., Zs. Biol., Mtinchen, 41, 1901, (113). 





THE LOCATION OF THE SUN’S MAGNETIC AXIS 


By F. H. Seares, A. VAN MAANEN, AND F, ELLERMAN 


Mount Witson SoLaR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, November 26, 1917 


The discovery by Mr. Hale in 1913 of a general magnetic field’ surrounding 
the sun raised at once questions of great interest. First among these was the 
character of the field and the variation of its intensity over the solar surface. 
A preliminary investigation showed that approximately the sun may be re- 
garded as a uniformly magnetized sphere, its axis coinciding with the axis of 
rotation. The minuteness of the observed quantities and the difficulties ex- 
perienced in their measurement necessitated the provisional acceptance of 
this simple hypothesis; nevertheless, well-known peculiarities of the earth’s 
magnetic field suggested that the solar field might deviate from that of a 
spherical magnet, and that its axis might be inclined to the rotation axis by an 
amount susceptible of measurement by special series of observations. This 
communication is concerned with the latter of these questions, namely, the 
position of the magnetic axis. 

Observations of the sun’s field are made by placing the slit of the spectro- 
graph in coincidence with the central solar meridian. A compound quarter- 
wave plate and a Nicol prism just outside the slit serve as an analyzer, the ob- 
served effect being a minute displacement of an appropriately chosen spectral 
line. The amount of the displacement varies with the inclination of the lines 
of force to the line of sight, in other words, with the position of the sun’s 
magnetic axis, the heliographic latitude of the point observed, and the dis- 
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tance of the observer from the plane of the sun’s equator. If the field be 
that of a uniformly magnetized sphere,? 


kA ={ 3sin (26 — D) + sin D} cosi 


+{ 3 cos (26 — D) + cos D} sin i cos (1) 
in which 
A = displacement of spectral line; 
¢@ = heljographic latitude of point observed; 
D = angular deviation of observer from plane of sun’s equator; 
7 = inclination of sun’s magnetic axis to axis of rotation;, 
X = heliographic longitude of north magnetic pole referred to central 
meridian; 
k = constant depending on the units and the behavior of the line ina 


field of known intensity. 


For i = 0, equation (1) reduces to 
kA = 3sin (26 — D) + sin D, (2) 


and, if D also is zero, to 
kA = 3sin2 ¢. (3) 


Since the maximum value of D is about 7°, equation .(2) differs but little 
from (3). The displacement curves derived by Mr. Hale from preliminary 
observations agreed substantially with these equations, whence it follows 
that 7 must also be small and that the difference between equations (1) and 
(2), which represents the influence of 7, is a quantity of the second order. 

When A is expressed in thousandths of a millimeter, #, for the lines observed, 
is of the order of unity. The maximum displacement, by equation (3), is 
therefore 3 or 4 u (about 0.001 A). To determine the position of the magnetic 
axis, quantities of the order of 0.5 u must accordingly be evaluated. This in- 
dicates sufficiently the nature of the problem and the degree of precision that 
had to be attained. It was evident from the beginning that a long and care- 
fully executed series of observations would be required for a successful attack 
on the problem. 

The original investigation by Mr. Hale was based on only four lines. Later 
observations have increased the number known to be affected by the sun’s 
field to 30, for 18 of which results were communicated at the Atlanta meeting 
of the American Astronomical Society in December, 1913. For the investiga- 
tion here described three chromium lines, AA 5247, 5300, 5329 were selected, 
which are of special suitability for measurement because of intensity (2 and 
3), location in the spectrum, and magnitude of displacement. 

From June 8 to September 23, 1914, these lines were photographed daily 
under the direction of Ellerman, with almost no break in the series. The qr- 
cumstances were most favorable owing to the small number of sun-spots, whose 
magnetic fields, many times the intensity of the underlying field of the sun, 
seriously complicate the investigation. Because of advantages connected 
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with the numerical solution and the necessity of limiting what at best could 
be only a very laborious undertaking, the observations were confined to the 
zone 45°N-45°S. Twelve spectrograms with exposures of 10 to 30 minutes 
constituted the normal observing program for each day. For 63 of the days 
the photographs have been completely measured by van Maanen, who has 
assumed the responsibility for this part of the undertaking. More than 2000 
sets of measures were required, each involving about a hundred settings of 
the micrometer. 

In measures of minute displacements of spectral lines, systematic errors 
are always to be suspected, as well as the influence of prejudice arising from 
a knowledge of the results that will satisfy a given hypothesis. Such syste- 
matic errors as may have entered in the present case probably affect only the 
constant k, which varies from line to line but does not enter into the determi- 
nation of the position of the magnetic axis. 

To exclude the influence of prejudice, the procedure devised by Mr. Hale 
has been followed here. The limited zone of heliographic latitude covered by a 
single spectrogram may, lie in the northern hemisphere, where the displace- 
ments are positive, or in the southern hemisphere, where they are negative; 
or it may extend over the equator and thus show only very small displace- 
ments, some negative and some positive. The measurer has rarely known in 
advance the latitudes covered by any spectrogram. Further, the above dis- 
tribution of algebraic signs presupposes that the photograph has been made 
with the compound quarter-wave plate in its normal position. Since the in- 
version of the plate reverses the signs of the displacements, its position, as a 
final precaution, has been varied at random by the observer, and the measurer 
has not known the position used for a given photograph until after his settings 
were finished. 

The data have been treated as follows: Each displacement affords an equa- 
tion of condition of the form (1) for the determination of the unknowns , i, 
andd. The longitude of the magnetic pole, A, involves an epoch, to, when the 
pole was on the central meridian, and the period, P, in which the magnetic 
axis revolves around the axis of rotation. For a single day we may assume 
d to be constant, which leads us to discuss separately the observations for 
each day and for each line, thus deriving values for two new unknowns, x and 
. ¥, which are functions of k, i, and A. The analysis of x and y for the whole 
series of days then determines k, i, P, and éo. 

Equation (1) may be written 


Ax+ By=A. (4) 

A and B are the bracketed expressions of (1), including only known quantities, 
and 

: x=k"'cosi, y= k"'sinicosd (5) 


whence 
Y = y/x = tan 7 cos X. (6) 


4 











ASTRONOMY: SEARES, VAN MAANEN AND ELLERMAN 7 


About 50 values of A were available for each lineoneachday. Means were 
found for groups of 5 or 6 adjoining displacements, thus giving 8 or 10 
observation equations of the form (4) for a least-squares determination of x 
and y. 

The individual values of A for September 2, 1914, a series of average weight, 
are plotted in Fig. 1 against the latitudes as abscissae. The close agreement 
with a sine curve of the type of equation (3) appears at a glance. The calcu- 
lated displacement-curves corresponding to the values of x and y derived from 
these data, are also shown in the figure. Their ordinates for ¢ = 0, namely, 
+0.8, +1.0, and +0.5 yu, respectively, are of the order of the small quantities 

s 


1914 Sept.2 





FIG. 1. DISPLACEMENT-CURVES FOR 1914, SEPTEMBER 2 


Abscissae are heliographic latitudes. Ordinates are displacements, the scale being 1 di- 
vision of diagram = 0.005mm. The curves, which correspond to equation (1), have been 
derived from the observed values of A. Their ordinates for ¢ = 0 represent the combined 
influence of k, D,i,and. These data for the three lines give Y = tani cos\ = +0.213 
which is plotted as a single point in Fig. 2, together with similar values of Y for each of the 
other dates. 


which differentiate the displacement-curve (1) from the curve (2) and indicate 
the precision with which the curves must be located in order to determine the 
value of . 

Having found x and y from each line for each day, the results were combined 
by (6) to form weighted mean values of Y, which were then plotted with the 
times as abscissae. These should define a sine curve whose amplitude and 
period are, respectively, tan iz and P: The individual points are reproduced 
in Fig. 2, from which approximations for 7, P and ¢o were easily derived. The 
final values and their probable errors 


4= 6°92 +0°4, P= 31.79 + 0.31 days 
to = 1914, June 25.31 + 0.42 days, G. M. T. 
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were calculated by a least-squares solution giving differential corrections to 
the approximate values read from the curve. 

The theoretical curve for tan 7 cos \ corresponding to these elements is also 
shown in Fig. 2. So far as accidental errors are concerned, the representa- 
tion is very satisfactory, for the amplitude of the curve corresponds to an 
extreme difference of only 1 in the position of the individual displacement 
curves. There is some evidence of a gradual increase in tan 7; but no empha- 
sis is placed on the phenomenon. Whether it is real or whether it is due to 
errors of measurement and the influence of spots and the ‘dark markings’ of 
the Greenwich observers cannot now be determined. Days on which spots 
were near the central meridian were generally avoided. The magnetic fields 
surrounding some of the ‘dark markings’ noted ata later time (our attention 
was first directed to them in 1915) were measured and found to be two or 
three times as intense as the sun’s general field; but their existence and influ- 
ence upon the measures here discussed cannot now be traced. 


JUNE 1914 JULY AUG SEPT 
7 47 7 





FIG. 2. THE CURVE Y = tan i cos X 


Each plotted point is derived from data for a single day similar to that illustrated in Fig. 
1. Approximate values of i, P, and é were read from a provisional curve. Differential 
corrections derived by a least-squares solution gave the final values, which correspond to the 
curve shown in the figure. 


The result for P is of much interest in relation to the rotation period of the 
sun. For the reversing layer this ranges from 26.4 days (synodic period) at 
the equator to about 30.5 days at 45°, the value for P not being equalled until 
approximately 55° is reached. Hence for latitudes lower than this limit, the 
magnetic axis in its motion about the axis of rotation appears to lag behind 
the reversing layer. The bearing of this circumstance upon the physical con- 
stitution of the sun must await further elucidation. In the meantime, how- 
ever, it should be noted that P may not be constant. The present series of 
measures, at any rate, is insufficient to establish its freedom from fluctuations; 
and none of the earlier observations, which were made with other purposes in 
view, are adapted to the investigation. 

The fact that the observed values of Y agree satisfactorily with the periodic 
function tan 7 cos \ does more than show that 7 is not zero; it affords a most con- 
vincing demonstration of the existence of the magnetic field itself. The meas- 
ures of each of the three lines, on each of the sixty odd days, define a displace- 
ment-curve which is an independent confirmation of the existence and general 
character of the field; but the fact that the curves for the separate days are 
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so related to each other as to satisfy equation (6) increases enormously the 
weight of the conclusion and seems to exclude the possibility that it should 
be the consequence of an obscure and unsuspected systematic error. 

We desire to express our great obligation to Miss Wolfe of the Computing 
Division who has executed most efficiently the numerous least-squares solu- 
tions required for the discussion of the data. 


1 Hale, G. E., Terr. Mag., Baltimore, 17, 1912 (173-178) ; Mt. Wilson Contr. No. 71, Astroph. 
J., Chicago, 38, 1913, (27-98). 
2 Seares, F. H., Mt. Wilson Contr. No. 72, Astroph. J., Chicago, 38, 1913, (99-125). 





RESONANCE AND IONIZATION POTENTIALS FOR ELECTRONS 
IN CADMIUM, ZINC, AND POTASSIUM VAPORS' 


By Joun T. Tate anp Paut D. Foote 


UNIVERSITY OF MINNESOTA AND BUREAU OF STANDARDS 
Communicated by R. A. Millikan, December 19, 1917 


It has been shown by Franck and Hertz and others that there are, for elec- 
trons accelerated through gases or vapors, certain definite potentials at which 
there is a large transfer of energy from the electron to the atom, as evidenced 
by the emission at these potentials of radiations characteristic of the gas 
atom. This is to be expected on purely mechanical grounds since no consid- 
erable transfer of energy from the light electron to the relatively heavy gas 
atom can take place except when the time of encounter between electron and 
atom bears some simple relation to the characteristic period of one of the 
vibrational degrees of freedom in the atom. It is therefore to be expected 
that there will be a critical potential corresponding to each absorption line 
of the gas and that at this potential the electrons will give up their energy 
to the gas and cause the emission of a radiation of the frequency of the corre- 
sponding absorption line. 

Two types of inelastic encounter between electrons and gas atoms have 
been observed. One of these results in the emission of a radiation of a single 
frequency, without ionization of the gas, while the other ionizes the gas and 
causes it to emit a composite spectrum of radiations. The potential giving 
the first type of encounter may he termed a resonance potential, that giving 
the second type an ionization potential. 

The present paper is an account of an experimental determination of the 
resonance and ionization potentials in cadmium zinc, and potassium vapors. 

The method employed was that described by Tate? for the determination 
of critical potentials in mercury vapor and the apparatus was similar to that 
used by us* in our work on sodium vapor. 
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The results obtained are shown in the accompanying table which also con- 
tains for the sake of completeness the results, already published, for sodium 
vapor. 














RESONANCE” POTENTIAL WAVE IONIZATION POTENTIAL | LIMITING 
(voLTs) LENGTH OF (vorrs) pe 
METAL RADIATION canvas 
Observed | Calculated} A Observed | Calculated! 3 
SRS Sob aw sown esian 3.88 3.79 3260.17 8.92 8.97 1378.69 
SE ih Cie Galo at's seen 4.10 4.02 3075.99 9.50 9.37 1319.95 
DN 5 eo ak Sas oe L.os 1.65 7685.0 4.10 4.33 2856.0 
PE oo cn ba woluw se. 2:12 2.10 5893.0 5.13 S33 2413.0 























The curves for zinc vapor indicate the possible presence of a secondary 
inelastic encounter, apparently without ionization, at 2.3 volts; but further 
work is in progress to make sure of this point. 

It will be seen that in all cases the results agree within the limits of experi- 
mental error with the values as calculated from the quantum relation hy = 
eV, where v is the frequency of the single radiation in the case of resonance 
potentials or the limiting frequency of the series of radiations in the case of 
ionization potentials. 

It is to be expected that the frequencies corresponding to the ionization po- 
tentials should be the long wave-length limit of the photo-sensibility of the 
vapor in question: Experiments are now in progress to determine whether 
or not this is so. 

Concerning the question of the cause for the appearance of ionization in 
metallic vapors at applied potentials much lower than the ionization potential 
it should be remarked that in no case was there an observable decrease in the 
value of the resonance potential even under conditions which permit of the 
appearance of the complete spectrum at low potentials. It is therefore thought 
that this setting in of ionization at applied potentials much lower than the 
ionization potential is due rather to the presence of electrons having high 
initial velocities than to a decrease in the value of the critical potentials. 
The curves obtained with potassium vapor clearly show the presence of a 
large number of electrons having initial velocities corresponding to 1.6 volts. 


1 Abstract of a paper presented before the American Physical Society, December 1, 1917. 
2 Tate, Physic. Rev. Ithaca, N. Y., 10, 1917, (81). 
3 Tate and Foote, Washington, J. Acad. Sci., 7, 1917, (517). 
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THE VALIDITY OF THE EQUATION P = T dv/dT IN THERMO- 
ELECTRICITY 


By Epwin H. Hati 


JEFFERSON PHysICAL LABORATORY, HARVARD UNIVERSITY 
Read before the Academy, November 21, 1917 


The equation P = T dv/dT, in which P stands for the Peltier effect and v 
for the Volta effect between any two metals, was first obtained, I believe, by 
Lord Kelvin, comparatively late in his life. He derived it from a course of 
argument involving the imagined performance of a certain isothermal cycle. 
It was derived later by O. W. Richardson through a series of steps including 
his theory of thermionic emission and the imagined performance of a rever- 
sible cycle taking electrons from a metal at one temperature and putting them 
back into the same metal at a different temperature. 

When Kelvin came to test his formula by the experimental data available 
to him he found no support for it. In fact, it is said that “the experimental 
verification failed by a thousandfold.” 

During the last few years experiments made by various skillful investigators 
measuring dv/dT in high vacua have perhaps reduced the ratio of the two sides 
of the professed equation to fifty; but it still remains so large that it would be 
considered a complete refutation of the equation’s pretensions, if it were not 
possible to find an escape from this conclusion by dwelling upon the great 
difficulty of the experimental investigation. 

I have not, until recently, given much attention to this equation; but two or 
three months ago my colleague, Professor Bridgman, who has lately been 
studying thermo-électricity intensively, put into my hands for criticism a 
manuscript in which, going over with modifications of his own the Kelvin 
method and the Richardson method, he had in both cases reached their con- 
clusion. Studying Bridgman’s manuscript I am, on the contrary, strongly 
inclined to the opinion that in each method the proof fails. As Professor 
Bridgman is now too much occupied with government work to give adequate 
attention to the question at issue, he has given me permission to present this 
question here. 

I cannot reproduce at length either of the arguments. I can only point 
out what I believe to be the weak link in each. In the first, which was sug- 
gested by that of Kelvin, Bridgman assumes that when, by an applied e.m.f., 
electricity is carried along a metallic path from metal A, constituting one plate 
of a condenser, to metal B, constituting the other plate, the only heat phe- 
nomenon, except the negligible resistance effect, is the production or absorp- 
tion of heat at the junction of the two metals, the ordinary Peltier effect. 
This assumption, which is vital to the argument, I question. 

Let m, be the number of free electrons per unit volume of a metal and 1; 
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the number of positive ions, atoms lacking each an electron. Within the 
interior of a metal in electrical equilibrium we must have nm, = n;. At the 
surface, if the metal has a static charge, we do not have such equality. Now, 
according to my view, the free electrons and the positive ions, which are the 
products of the ionization of the atoms, obey the-mass-law, so that everywhere 
in a metal we have 

nN, X n; = a, constant. 


If this view is sound, when we take electrons from one plate of a condenser 
and convey them to the other plate, we thereby disturb the electrical equi- 
librium in each metal. If one metal loses, for example, g electrons, we cannot 
have mass-law equilibrium in this metal until sufficient new ionization occurs 
therein to make the total number of free electrons if this metal only 3 q less, 
and the total number of positive ions } g more, than at first. In the other 
metal the converse operation must take place, re-association occurring there 
until the number of free electrons is } g more and the number of positive ions 
3 qless than before. These processes of ionization and of re-association would 
balance each other in heat production if the two plates of the condenser were 
of the same metal, but otherwise they do not. Of course, wherever in the 
metals the ionization and the re-association primarily occur the result will 
presently appear at the surface, since any excess or deficiency of electrons in 
the interior of a metal must correct itself at the expense of the surface. Prac- 
tically, then, we may regard the ionization and the re-association as occurring 
at the surface only. 

Bridgman says that the failure of the equation P = T dv/dT to bear the 
experimental test led Kelvin “‘to infer the existence of reversible heating ef- 
fects at the surface of a metal when a charge is added to or subtracted from 
the surface, just as he had previously inferred the existence of the Thomson 
heat.” Bridgman has thought that this inference was not justified and that 
sufficiently careful experiments would verify the equation. I think, on the con- 
trary, that Kelvin’s inference was sound, that the ionization and re-associa- 
tion phenomena which I have indicated are precisely the reversible heating 
effects at the surface which he infers, but does not visualize, and that the 
equation in question will never be justified by experiment. 

The other line of argument begins with a metal in equilibrium with a sur- 
rounding electron atmosphere contained within an enclosure otherwise vacuous. 
The following quotations are from the second chapter of Richardson’s Emis- 
sion of Electricity From Hot Bodies: 

“In this steady state there will be a definite number [of electrons] per 
unit volume, on the average, in the vacuous enclosure, and they will exerta 
definite pressure p. -If the enclosure is provided with a cylindrical extension 
in which an insulating piston can move backwards and forwards, this pressure p 
can be made do work against an external force.” ‘‘The relation between the 
pressure of these electrons and the temperature of the enclosure can be found 


4 
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by an application of the second law of thermodynamics.” “All we need is an 
expression for dS, the increment in the entropy caused by motion of the pis- 
ton. If ¢ is the change in the energy of thesystem which accompanies the 
transference of each electron from the hot body to the surrounding enclosure, 
then 


dS = - [d(n v v) + pdr,” etc. 


In writing this equation, which is fundamental to his argument, Richardson 
treats the case of a metal emitting electrons precisely as one treats the case of 
a body of water giving off steam to push against a piston. That is, he treats 
the emission of electrons as a process strictly comparable with evaporation. 
But there is an important difference between the two processes. In evapora- 
tion the thing given off is of the same substance as that left behind. In the 
emission of electrons this is not true. Evaporation leaves the constitution 
of the remaining liquid unchanged. Emission of electrons continually changes 
the constitution of the emitting metal, unless other electrons are put into the 
body to make good the loss. When a body emits a certain mass m of electrons 
under the conditions described by Richardson, the system under discussion 
takes in something more than heat energy; it takes in substance, the mass m 
of electrons. There is no analogue to this in the process of evaporation, and 
it remains to be shown that the equation which I have quoted from Richard- 
son, an equation that holds beyond question for the case of evaporation, holds 
also for the case of emission of electrons. 

One cannot, according to my view, meet this difficulty by supposing the body 
of metal made very large, so large that the static charge produced on it by the 
emission of a mass m of electrons without compensation would be negligibly 
small: For, if the loss of the electrons is not made good, the mass-law, re- 
quiring that », X m; shall remain constant within the metal, will cause ioni- 
zation there proportional to m, without regard to the amount of the metal; 
and this ionization will introduce a consumption of heat for which Richardson 
has made, I think, no provision. 





ON THE EQUATIONS OF THE RECTANGULAR INTERFEROMETER 
By Cart Barus 


DEPARTMENT OF Pxysics, BROowN UNIVERSITY 
Communicated December 8, 1917 


1. Auxiliary Mirror.—It is desirable to -deduce the fundamental equations 
more rigorously than has heretofore! seemed necessary. Figure 1 is supplied 
for this purpose, and represents the more sensitive case, where in addition to 
the mirrors M,M’, N,N’ (all but M being necessarily half silvers), there is an 
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auxiliary mirror mm, capable of rotation (angle «) about a vertical axis A. 
The mirrors: M-N’ in their original position are conveniently at 45° to the 
rays of light,, while mm is normaltothem. Light arriving at L is thus separated 
by the half silver V at 1, into the two components 1,2,1,9,3,T and 1,6,7,6,3,7, 
interfering in the telescope at T. 

When mm is rotated over a small angle a, these paths are modified to 
1,2,2’,4,4’,5,T2 and 1,6,7’,8,7;. 7, and T2 enter the telescope in parallel and 
produce interferences visible in the principal focal plane, provided the rays 
T; and T> are not too far apart, in practice not more than 1 or 2mm. In- 
terference fringes therefore will always disappear if the angle a is excessive, 
but the limits are adequately wide for all purposes. The essential constants 
of the apparatus are to be 


(9,1) = (6,3) = 6; (1,2) = (6,7) = ¢; (9,3) = (1,6) = 2R, 
R being the radius of rotation. 




















When the mirror mm is rotated to m'm’ over the angle a, the new upper 

path will be 
c+Rtana+d+e+tg, 
where 
(2’,4) 3h d, (4,4’) ibe (4’,5) mes, 

the plane (8,5) = g normal to 7; and T: being the final wave front. The 
lower path is similarly 2. R + (c — R tan a) + d’ to the same wave front 
(8,5) where (7’,8) = d’. Hence (apart from glass paths which have been 
treated, the path difference md (n being the order of interference) should be 


m. =2R(tana—1)+d—d’ +et+g. 
The figure in view of the laws of reflection then gives us in succession 
d = (6+c¢+R tana)/(cos 2a + sin 2a), 
d’ = (6+ ¢ — R tan a)/(cos 2a + sin 2a), 
e = 2 R/(cos 2a + sin 2a), 
g = 2Rsin 2a (1 + tana) (cos 2a — sin 2a)/(cos 2a + sin 2a), 
qg = 2Rsin 2a (1 + tana). 
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To obtain g it is sufficient to treat the similar triangles (3,8,9’) and (9,8’,9’) 
where h = (9,4), h’ = (3,8), & = (9,9’), 7 = (9,8’) may be found in succession 
as the normal distance between the mirrors M and M’ is R+/2, so that finally 


g = (hk — 1) sin (45° — 2a), g = (h — J) cos (45° — 2a). 


If these quantities are introduced into the above equation for m\ we may 
obtain after some reduction 


nm. = 4Rsina (cosa — sina). 


Since m\ = 2AN cos i, AN being the normal displacement of the mirror M’, 
and z = 45°, the corresponding equation to the second order of small quanti- 
ties a is : 

AN/Aa = 2 R(cos a — sin a)/cosi = 2+/2R (1 — a — a?/2). 
If a is sufficiently small, the coefficient is simply 2 R/cos 7 as used heretofore. 

There remain the glass paths which for the rays d and d’ are compensated. 
Additionally the upper ray has a glass path 3 displaced to 4’.. The lower ray 
has the fixed path at 1, and this is equal to the other at 1, since the angles 
are 45°. Thus the variable part of the glass paths at 3 to 4’ is uncompensated 
and the angle of incidence changes from 45° to 45° — 2a. The reflecting 
sides of the plates are silvered. Hence e (sin i — cos 7 tan r) 2Aa must be 
added to the equation. 

2. Rotating Doublet.—The second case, figure 2, in which the auxiliary mir- 
ror of the preceding apparatus is omitted is, curiously enough, inherently sim- 
pler. M,M’, N,N’, are mirrors, half silvered at (1) and (3) and the two latter 
on a vertical axis A and rigidly joined by the rail (2,3). The mirrors being 
preferably at 45°, the component rays are 1,2,3,7 and 1,5,3,7, the mirror M’ 
being on a micrometer with the screw normal to the face. The ray parallelo- 
gram is made up as before of (1,2) = 6 = (3,5) and (1,5) = 2R = (2,3). 
When the rail (2,3) is rotated over an angle a, the mirrors take the position 
N, and WN’ at an angle @ to their prior position and the angle of incidence is 
now 45° — a. The new paths, if (4,6) is the final wave front, are thus 
(1,2,2’, 6,72) and (1,5,4,7,). The rays 7; and T> are parallel and interfere 
in the telescope. Hence the path difference introduced by rotation is (nm 
being the order of interference) 


mo =b+ Rtana+ (2 R/cosa) cosa — (2R+6— Rtana) = 2 R tana, 


for the triangle (a,7,2’) is isosceles and its acute angles each a. 
The rays 7; and 7; have now separated and the amount (4,6) is also 
2 Rtana. When this exceeds a few millimeters the interferences vanish. 
A correction must however be applied, since in the practical apparatus the 
, mirrors rotate at a fixed distance apart. Hence the mirror Nj; must be dis- 
placed toward the right (shortening the path) by the normal distance 


e (R/cos a — R) cos 45° 
and the mirror NV,’ toward the left by the same amount. The path difference 
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introduced is thus a decrement and is twice the 2 e cos (45° — a) of each mir- 
ror. Thus the total correction to be subtracted from the equation is after 
reduction 2 R (1—cosa)(1+ tana). Hence the equation becomes ultimately 


m = 2 R (sina + cosa — 1). 


To the second order of small.quantities, if i = 45° is the angle of incidence, 
and Am the normal displacement of M’, 


AN/Aa = R(1i + Aa/2)/cos 7. 


As all the mirrors receive the light on their silvered sides, M originally 
compensates NV if the mirrors are identical in thickness and glass. But the 
transmission at 3 varies as the angle of incidence changes from i = 45° to 
45° — a. The glass path here decreases by e (sin i — cos i tan r) Aa, 
where ¢ is the plate thickness, r the angle of refraction. The path difference 
as above reckoned has thus been increased by this amount and this quantity 
is to be added to the right hand member. The effect will not usually exceed 
a few per cent of the air path difference, and the ratio is the same as above. 

3. Ocular Micrometer.—It has been stated that the motion of the fringes 
across the field of the telescope, 7, is astonishly swift. Hence it is often de- 
sirable to insert a micrometer here, as the displacement of fringes can thus be 
much more accurately and easily measured than at the micrometer along the 
normal of the opaque mirror, M’, of the interferometer. If the latter is of the 
type using an auxiliary mirror, mm, figure 1, the fringes may even be estab- 
lished of a size to correspond with the ocular micrometer, by rotating the 
auxiliary mirror; but this is not usually necessary. A good ocular plate 
micrometer was at hand dividing the width of field (about 1 cm.) into 100 
parts, the divisions being 0.1mm. One-tenth of this is easily estimated by the 
eye in view of the strongeye lens. The light from the collimator at L should 
completely fill the field, a condition which may be fulfilled by suitably placing 
the former, modifying its objective. After completing such preliminary ad- 
justments with the fringes, made very sharp and the ocular scale equally so, 
this is to be placed at right angles to the fringes. Let Ae denote their dis- 
placement measured in centimeters on the ocular scale and AN (cm.) the dis- 
placement of the opaque mirror M’ of the interferometer. The question is 
whether Ae and AN are nearly enough proportional quantities for practical 
purposes. A number of such standardizations were carried out throughout 
1 cm. of Ae, two of which are shown in detail in figure 3. The fluctuation of 
data is due to air currents across the interferometer. It was not easy to ob- 
viate these, and it was not thought necessary for the present purposes. Other- 
wise the data would have been smooth. There is no doubt that a linear rela- 
tion may be assumed. In curve a the readings of the interferometer micro- 
meter increase, in curve they decrease. If the meanis be taken from doublets 
far apart the ratios are 


(a) AN /Ae = 0.00310; (6) AN/Ae = 0.00310, 
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and they happen to coincide. Thus Ae is 323 times as large as AN and corre- 
spondingly easy to measure. The impossibility of setting the micrometer for 
AN accurately enough, since it is graduated to only 5 X 10cm. is completely 
obviated in Ae. Moreover, as 2 AN cos i = ) (4 being the angle of incidence 
45°, and \ the mean wave length), we now have 0.0061/Ae cosi = \; so that 
the fringe displacement Ae = 0.014 cm. measured on the ocular micrometer 
corresponds to the wave length of light in the interferometer measurements. 
This is more than one scale part. There is however no difficulty in making 
the fringes larger and obtaining a much more sensitive apparatus in propor- 
tion. The achromatic fringes, moreover, when properly produced, contain a 
distinctive central black line, compatible with the measurement of 0.1 scale 
part, as here given; i.e. measurement to a few millionths of a centimeter are 
thus easily feasible under proper surroundings. The apparatus will be'used 
elsewhere. 
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If Ay, the angular fringe breadth, is given, Ae/AN may be computed from 
the equation in the earlier paper, to be 


Ae/AN = 2 LAy cos t/d 


4 


or 
LAg = d/(2 cos 7.AN/Ae) 
as the radius is the length L = 19.5 cm. of the telescope. Hence the fringe 
breadth in centimeters is, if 
= 6 X 10-*cm., 7 = 45°, and 10°AN /Ae = 3.1, 
LAg = 0.014 cm., 

the value actually observed. Thus if Ay is given or measured, Ae/AN may 
be deduced. ' 

The question finally to be determined is thus the value and the meaning 
of the fringe breadth Ag. Since 


2 AN cosi = mv 
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if AN = AN, is constant and also A, we may then write 
Ag = di/dn = —/2 ANo sin i. 

’ Furthermore if Aé is the angular displacement of fringes 

46 = nhg = —(AN/ANo) cot 4, 


if m\ is replaced by its value and AN is small compared with AN». If it is 
not, since AN involves AN, we must state the case thus: 


ANo+ AN 
— A@=cot if aN /dNo, 
ANo 
or on integrating and expanding the natural logarithm 
— Ad = cot i [AN/AN, —(AN/AN>)?/2 + ...] 
and Ae = LA@. 
In the above measurements 
Ag = LAg/L = 7.2 X 10+ 
whence apart from signs 
AN» = d/2d¢ sin i = 0.06 cm., nearly, 

whereas the maximum displacement AN throughout the whole series (equiva- 
lent to the telescopic field width) does not exceed AN = 5 X 10-*cm. Hence 
(AN /ANo)*/2 may here be neglected to about 1/300 and (again apart from 
signs) since i = 45°, ~ 

* Ae = L(AN/AN>) = 325 AN, 
as it should be; i.e., the relation of Ae and AN is practically linear, if the dis- 
placement AN is not excessive or goes beyond the equivalent of field width. 


As the determination of AN» is inconvenient we thus come back to the 
practical equation already used, or 


AN/A@ = i/2d¢g cos 7, 


or if Ldg = de and Ae and 6e are the fringe displacement and the fringe breadth 
measured on the same ocular micrometer, 


AN /Ae = d/2 6e cos i, 


With this deduction the equations of long distance interferometry, etc., 
form in terms of de the fringe breadth and the fringe displacement Ae which 
may be recorded here, d being the distance, 


Aa =, OY Maman d= (bRbe/A)/Ae. 


4. Collimator Micrometer——For many purposes even better conditions 
are obtainable by replacing the slit of the collimator by a plate glass microm- 
eter. The magnification in such a case is usually greater and since the tele- 
scope now contains no fiducial lines, it need not be fixed, but may be shifted 


4 
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at pleasure so long as the collimator is fixed. This is often a great conveni- 
ence in working with the achromatic fringes; but I will pass these details 
over here.” 


1 These PROcEEDINGS, 3, 1917, (563). In this note the glass paths, which are of less 
importance than the air paths, are too much accentuated. 
2 Abridged from a Report to the Carnegie Institution of Washington, D. C. 





THE BRAIN WEIGHT IN RELATION TO THE BODY LENGTH AND 
ALSO THE PARTITION OF NON-PROTEIN NITROGEN, IN THE 
BRAIN OF THE GRAY SNAPPER (NEOMAENIS GRISEUS) 


By SHINKISHI HATAI 


Tor®uGAS LABORATORY, CARNEGIE INSTITUTION OF WASHINGTON, AND THE WISTAR 
INSTITUTE OF ANATOMY AND BIOLOGY 


Communicated by A. G. Mayer, December 24, 1917 


The predatory fish called the gray snapper, V. griseus was mainly used for 
the present investigation, which was conducted at Tortugas, Florida in the 
summer of 1917. The following are the more important facts brought out. 

1. The Brain Weight in Relation to Body Length.—Altogether observations 
have been made upon 74 brains of the gray snapper. It was found that the 
relation of brain weight to the increasing body length, from 150 mm. upward, 
is practically linear and may be satisfactorily expressed as y = a + bx, where 
y represents brain weight in grams and x the body length in millimeters, and 
a and bare the constants with the values, in this instance, — 0.333 and 0.00433 
respectively. (Body length is measured from the tip of the snout to the crotch 
of the tail. ) 

It is well known that in the adult stage the relation between brain weight 
and body length or body weight is practically linear, even in the case of some 
mammals! but it is remarkable to find the linear relation in fish, when they 
are so small. This linear relation during the period of early growth probably 
means that in the snapper the brain reaches its structural maturity early, 
and that the subsequent increase in weight indicates merely a uniform swell- 
ing of the nervous tissue as a whole. 

On account of scantiness of the data for specimens less than 200'mm. in 
body length, I am unable to present a complete record of the growth of the 
brain. However, it appears from the general trend of the growth-curve that 
with the possible exception of the very early period, the relation between the 
brain weight and body length is linear. 

Kellicott? studied the growth of the brain in the smooth dogfish in respect 
to the body weight, and found the graph to resemble that of the mammalian 
brain (logarithmic curve) and thus to differ strikingly from that for the gray 
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snapper. This difference may be due to the fact that in the dogfish the brain 
possesses a voluminous cerebellum, as well as olfactory bulbs, and the com- 
bined weights of these two structures being greater than that of the rest of 
the brain, while these two structures in the gray snapper are very small. It 
appears that these two parts, olfactory bulbs and cerebellum of the dogfish 
brain, grow very rapidly during the earlier period, thus giving a form of the 
graph similar to that of the mammal. 

2. Percentage of Water in the Brain.—Altogether 64 snappers were examined. 
It was found that so far as the present data are concerned, the percentage of 
water in the small and large fish is nearly identical within a wide range of 
body length, and therefore the percentage of water does not vary regularly with 
the length or size of the fish. Similar relations were observed by Donaldson*® 
in the brain of the summer flounder and by Scott‘ in the brain of the smooth 
dogfish. 

It is also interesting to note that the average percentages of water obtained 
by Donaldson, Scott and myself are nearly the same, being 78.4% (flounder), 
78.5% (dogfish) and 78.61% (gray snapper) respectively. It is worthy of 
note that the values given by these fish are not much different from (slightly 
above) the percentage of water in the adult mammalian brain. 

Since the reduction of the water in the brain is induced by the deposition of 
the ‘myelin substance” we may infer that the process of myelination in the 
fish brain occurs at a very early period, thus producing slight variation from 
small to large individuals, as here recorded. I have not however been able 
to determine the period of rapid reduction of the water content in the brain 
which must take place in this fish in consequence of the appearance of myelin, 
because of lack of very young material. 

3. Chemical Analysis of the Brain.—Altogether 51 dried brains as well as 44 
fresh brains were used for the purpose of the chemical analysis. With respect 
to the nitrogen in total solids, nitrogen in ether-alcohol extract, and the lipoid 
content, the fish brain closely resembles the stem of the rat brain, but signifi- 
cantly differs from the entire rat brain. This is explained by the fact that the 
fish brain corresponds essentially to the stem of the mammalian brain, owing 
to the smali growth of the cerebrum and cerebellum. The content of non- 
protein nitrogen is considerably greater in the fish than in the rat brain. This 
phenomenon is interesting and I wish to call attention to two factors which 
may have some bearing on it. 

It seems probable that on account of the low grade of organization of the 
fish brain, the physical consistence of the nervous system may not be as stable 
as that of more highly organized mammalian nervous systems, and thus the 
wear and tear process may be much greater, producing a correspondingly 
greater amount of waste products in the fish brain. 

Again it has been found by several investigators that fish blood contains a 
greater abundance of non-protein nitrogen compared with human blood. The 
content of non-protein nitrogen in the rat blood is nearly identical with that 


f 
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in human blood.’ It seems therefore conceivable that the high content of 
the non-protein nitrogen in the fish blood, accompanied by a slow circulation, 
might favor the deposition of waste products, and at the same time their 
slow removal would further tend to increase the accumulation. 


1 Donaldson, H. H., J. Comp. Neur., Wistar Inst., Philadelphia, 19, 1909, (155-167). 

2 Kellicott, W. E., Amer. J. Anat., Wistar Inst., Philadelphia, 8, 1908, (319-353). 

3 Donaldson, H. H., On the percentage of water in the brain of the summer flounder 
(Paralichthys dentatus) according to the body weight. MS. 1905. 

4 Scott, G. G., Proc. Soc. Exp. Biol. Med., New York, 9, 1912. 

5 Donaldson, H. H., J. Comp. Neur., Wistar Inst., Philadelphia, 26, 1916, (443-451). 

6 Hatai, S., Zbid., 28, 1917, (361-378). 





THE ROTATION AND RADIAL VELOCITY OF THE CENTRAL 
PART OF THE ANDROMEDA NEBULA 


By F. G. PEASE 


Mount WILson SoLaR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, December 27, 1917 


Indications of rotation in spiral nebulae are quickly obtained by means of 
spectrographs of very short focus and small dispersion, especially when a 
wide slit and devices for narrowing the spectrum are used. For definitive 
values of the rotation, however, it is necessary that the scale be relatively 
large, the slit narrow, and the exposures very long. 

To investigate the rotation of the great nebula in Andromeda, which had 
been reported by V. M. Slipher at the nineteenth meeting of the American 
Astronomical Society, an exposure of seventy-nine hours was made during 
August, September, and October, 1917, with the focal-plane spectrograph of 
the 60-inch reflector. This instrument which is used at the primary focus of 
the large mirror has a collimator of 135 mm. focus, a 60° prism of ultra-violet 
glass, and for the camera a 154 mm. Cooke lens. The dispersion is such that 
5.3 mm. corresponds to the interval from \ 4930 to \ 4950. The ratio of focal 
lengths of camera and collimator is 1.14, and the spectrograph therefore mag- 
nifies the image on the slit by this amount. 








TABLE 1 
NUMBER ones vee 
DISTANCE FROM NUCLEUS pt. Ue ADAMS cunuans, 

seconds km. km. km. 
ROE is this cide oo ea bees cee 1 (—355) | (—469) | (—412) 

3555 ee Oss. Cer eae 2 369 400 385 

Seats Bebe tO ia 5 rik as ences 2 342 342 342 
Re oR est tod OR TAD Cire hue 1 310 312 311 

iti icsve ieee: alte wees 1 307 317 312 

Me is bie RTS Oke OR ees 2 288 308 298 

Oat DOR Oo ee ek ey ewes 2 278 288 283 
RRR See PONTE nase NOLAN ence cen Cre 1 (292) (257) (274) 
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During the exposure the slit crossed the nucleus and coincided with the 
major axis which lies in position angle 40°. The slit-width was 0.025 mm., and 
the spectrogram was traversed longitudinally by comparison spectra at inter- 
vals of 1 mm. (see fig. 1). 

The results of measures by Mr. Adams and Miss Burwell are given in table 1. 
The correction for the earth’s motion is slight and has been neglected. To re- 
duce the accidental errors and equalize the weights somewhat, results for 
adjacent sections of spectra in the outer regions have been combined. The 
» values for extreme sections, which are very uncertain, are given separately and 
appear in parentheses in the table. The values of the distance from the nu- 
cleus have been corrected for magnification by the spectrograph. The tabu- 
lated radial velocities must be corrected for the inclination of the nebula to 
the line of sight. Assuming the nebula to be circular, the ratio of the major 
and minor axes of its apparent elliptical outline, which is 4 to 1, is a measure 
of the inclination. We thus find approximately 14° as the inclination, and 
the velocities must accordingly be multiplied by 1.03 to reduce them to the 
plane of the nebula. 

The mean velocities of table 1 are shown in figure 2, the ordinates being 
kilometers per second and the abscissae seconds of arc. The velocity curve 


y = —0.48 x —316 
was determined graphically. From this equation we find: 


1. The radial velocity of the nebula is — 316 km., a value in good agreement 
with the earlier measures: 


km. 
oa cc SSE Re a do We hens bem SEM CRN —329 
Sac IE a ae esp eat aT GAN, Sear aie Cina wy aig ere —297 
oe oa ele hy eh ac a Pa Ste oS agit J daAS trea ys Tee a be Cees bitte — 300 
ME Bee Ue roa boule LG TS AED ON CAE bees accede Ne bi do's bh BR ee eke —350 
RES ea i ine ek Vind Scie y oe sae lye ait So sia b wk eWeee US Rowe a ouhs we —304 


2. The linear velocity of rotation at a point 2 minutes of arc from the 
nucleus is 58 per second. 

3. Within the distance measured and the limits of accuracy of the measures 
the change of rotational velocity with distance seems to be linear, although 
there may be variations at individual points in the nebula. 

4. Whether the motion of the nebula is inward or outward along the arms 
of the spiral depends upon the inclination of the nebula. 

From a spectrogram of eighty-four hours exposure made at intervals dur- 
ing August, September, and October, 1916, with the slit placed on the minor 
axis of the nebula, Mr. Adams obtains the results shown in table 2. 

These velocities, which are nearly constant, are also shown in figure 2 
the velocity curve obtained for points along the major axis, and greatly with 
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FIG. 1. SPECTRUM OF THE CENTRAL PARTS OF THE ANDROMEDA NEBULA. EXPOSURE 79 
HOURS 
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strengthen the conclusions derived from the latter by showing that the variable 
velocity given by the spectrogram first described is without doubt to be 
attributed to the rotation of the nebula. 

The arms of the cross in figure 3 indicate the length and position of the slit 
; on the nebula. 
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FIG. 3. DIAGRAM SHOWING THE LENGTH AND POSITIONS OF SLIT ON THE NEBULA 


TABLE 2 





SECTION OF SPECTRUM RADIAL VELOCITY NUMBER OF LINES 
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291 
284 
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300 
299 
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Both spectrograms show a solar-type spectrum entirely free from bright 
lines. Mr. W. P. Hoge assisted in the guiding during the long exposures. 


1 Pease, F. G., Pub. Astr. Soc, Pac,, San Francisco, Cal., 27, 1915, (134). 
2 This paper following. 
3 Slipher, V. M., Pop. Astr., Northfield, Minn., 23, 1915, (21-24), paze 23. 











